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Different areas of the brain’s cortex

correspond with different parts of the body.

Therefore, when an extremity is amputated,

there is an area of the cortex no longer

receiving any signals so adjacent cortical

regions invade this space leading to the

governing of a new body part (Figure 1).

(Holzman, 2013)

Treatments based on this theory vary and

are dependent on which extremity was

removed and how the cortical regions of the

brain have remapped themselves. An

example of treating a patient based on this

theory is V.S. Ramachandran’s treatment of a

patient named Tom who lost his left arm

from below the elbow as the result of a car

accident. However, Ramachandran found

that Tom’s phantom limb was mapped on

both his face and his upper left arm, just

above where the limb was lost, with certain

areas corresponding to individual fingers of

the lost hand (Figure 2). This information

allowed treatment of an irritating itching

sensation Tom complained of in his phantom

limb; when Tom was aware of this feeling, he

could scratch the area of his face or arm

corresponding to the appropriate part of the

phantom limb to relieve him.

(Ramachandran & Blakesee, 1999)

Maladaptive Plasticity

Treatments based on this theory Sodium blockers, such as tricyclic

antidepressants (e.g. lidocaine), are

prescribed to reduce the activity of the

sodium channels found in neuromas. (Subedi

& Grossberg, 2014)

Amputation cuts nerve endings which may

then become inflamed and form neuromas,

benign tumours with an increased

expression of sodium channels. These

channels display uncontrollable activity,

causing abnormal signals that leads to the

perception of pain. (Feldman, Undated)

Peripheral Theory

Treatments based on this theory
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The phantom limb was first described by Ambroise Paré (1554), a French military surgeon who had patients that underwent amputation of body parts and 

subsequently complained of pain in the removed limb (Rugnetta, Undated). However, individuals can experience many different sensations concerning their phantom 

limb, not just pain. Maladaptive plasticity, peripheral and gate theories have been put forward to alleviate the confusion behind the phantom limb, and have even 

progressed to find specialized remedies for the individual’s specific need.

Figure 2: New areas of the body 

corresponding to parts of the phantom 

limb. (Ramachandran & Blakeslee, 1999)

In some cases, limbs are removed due to a

pathology such as pain or paralysis of the limb

as the extremities cause more problems than

they are worth. However, before amputation

the brain’s parietal lobes develop a body

image which provides information on the

placement and sensation of all body parts.

Therefore, upon amputation, the physical

pathology may have been removed, but the

body image still displays the learnt pathways

associated with the previous sensations of the

removed extremity. (Ramachandran &

Blakesee, 1999)

The mirror box technique may be used to

eliminate phantom limb pain by reversing the

process of learned pain. The patient places

their unimpaired limb on one side of a mirror

and their stump on the other. Then, looking at

the mirror on the side with the good limb, the

patient moves both limbs in the same manner

simultaneously. Viewing the phantom limb as

mobile produces artificial visual feedback,

stimulating the somatosensory cortex and

giving the impression that the phantom limb is

unimpaired, relieving the pain.

(Ramachandran & Blakesee, 1999)

Learned Pathways

Treatments based on this theory

Figure 1: Reorganisation of the 

somatosensory cortex after the amputation 

of an arm (normal cortex: left, cortex post 

amputation: right). (Anonymous, Undated)

Dorsal horn structures in the spinal cord act

as a gate, regulating nervous stimuli that

leads to the perception of pain and

sensation in the body. After an amputation,

signals from this part of the body can no

longer be regulated as there is no external

stimuli involved and inhibition of these

signals cannot occur. This leads to

hyperactivity of the dorsal horn so pain and

sensation is perceived as a phantom limb

even after amputation. (Feldman, Undated)

Electrical stimulation replaces the

stimulation that would be present before

amputation of an extremity. This allows the

dorsal horn to function as normal by

regulating and inhibiting these stimulations.

Thus hyperactive stimulation of the dorsal

horn no longer occurs and phantom pain

ceases.(Feldman, Undated)

Gate Theory

Treatments based on this theory
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